Seeger's semi-empirical mass formula is revisited for two of its constants (bulk constant α(0) and neutron-proton asymmetry constant aa) readjusted to obtain the ground-state (g.s.) binding energies of nuclei within a precision of <1.5 MeV and for nuclei up to Z=118. The aim is to include the temperature T-dependence on experimental binding energies, and not to obtain the new parameter set of Seeger's liquid drop energy VLDM . Our proceedure is to define the g.s. binding energy B = VLDM + δU , as per Strutinsky renormalization procedure, and using the empirical shell corrections δU of Myers and Swiatecki, fit the constants of VLDM to obtain the experimental binding energy Bexpt or theoretically calculated B theo if data were not available. The T-dependence of the constants of VLDM , is introduced as per the work of Davidson et al., where the pairing energy δ(T ) is modified as per new calculations on compound nucleus decays. The newly fitted constants of VLDM at T=0 are made available here for use of other workers interested in nuclear dynamics of hot and rotating nuclei.
I. INTRODUCTION
Seeger's mass formula [1] was given in 1961, with its constants fitted to ground-state (g.s) binding energies of some 488 nuclei available at that time. The temperature T-dependence of these constants was later introduced by Davidson et al. [2] on the basis of thermodynamical considerations of the nucleus. These constants, however, need be fitted again since a large amount of data on experimental g.s. binding energies [3] , and their theoretically calculated values [4] for, not-yet observed, neutron-and proton-rich nuclei have now become available. Furthermore, the T-dependence of the constants, in particular the pairing constant δ(T ), need be looked in to because of their recent un-successful use in calculating the decay properties of some excited compound nuclear systems [5] - [7] . Note that our aim here is not to obtain a new set of constants for Seeger's mass formula, but simply to include the T-dependence on experimental binding energies B expt . For this purpose, a readjustment of only two of the four constants, the bulk constant α(0) and the neutron-proton asymmetry constant a a , are enough to obtain the B expt within <1.5 MeV. A similar job was first done in [8] for nuclei up to Z=56, and then in [9] up to Z=97, but is redone here with an improved accuracy and up to Z=118. Thus, the domain of the work is extended to neutron-deficient and neutron-excess nuclides where B expt are not available, but theoretical binding energies B theo are available [4] . These re-fitted constants have been successfully used in the number of recent calculations [5] - [24] for studying the decay of hot and rotating compound nucleus (CN) formed in heavy ion reactions over a wide range of incident centre-of-mass (c.m.) energies.
A brief outline of the Seeger's mass formula, and the methodology used to workout the temperature-dependent binding energies, are presented in section II. Possible applications of the liquid drop energy in heavy ion reaction studies are also included in this section. The calculations and results are given in section III, together with the table of fitted constants, which could be of huge importance for people working in the relevant area of nuclear physics. Finally, the results are summarized in section IV. in MeV as a function of neutron number N for Z=97, calculated by using the experimental data (solid circles) [3] , theoretical data (open circles) [4] , with newly fitted constants (crosses and down open triangles) and with the 1961 Seeger's constants [1] (hollow squares).
with X = N or Z, and M i−1 < X < M i . M i are the magic numbers 2, 8, 14 (or 20) , 28 , 50, 82, 126 and 184 for both neutrons and protons. The constants C=5.8 MeV and c=0. 26 MeV. Note that the above formula is for spherical shapes, but the missing deformation effects in δU are included here to some extent via the readjusted constants of V LDM since we essentially use the experimental binding energies split in to two contributions, V LDM and δU , for reasons of adding the T-dependence on it.
Finally, as an application of the two components [V LDM (T ) and δU (T )] of the (T-dependent) experimental binding energy in the field of heavy-ion reactons, we define the collective fragmentation potential
where the nuclear proximity V P , Coulomb V C and the angular-momentum ℓ-dependent V ℓ potentials are for deformed and oriented nuclei and are also T-dependent. For details, see, e.g., Ref. [5] . Based on V R,T (η) at fixed R and T, and the scattering potential V η,T (R) at fixed η and T , we calculate the CN decay cross-section by using the dynamical cluster-decay model (DCM) of Gupta and collaborators [5] - [24] , worked out in terms of the decoupled collective coordinates of mass (and charge) asymmetry η = relative separation R. In terms of these coordinates, using ℓ partial waves, the CN decay cross section is defined as
where the preformation probability P 0 , refering to η motion, is the solution of stationary Schrödinger equation in η at a fixed R, and P , the WKB penetrability refers to R motion, both quantities carrying the effects of angular momentum ℓ, temperature T, deformations β λi and orientations θ i degrees of freedom of colliding nuclei with c.m.
, is the reduced mass, with m as the nucleon mass. Eq. (9) is applicable to the decay of CN to light particles (LPs, A≤4, Z≤2), intermediate mass fragments (IMFs, 2≤Z≤10), the fusion-fission fragments and the quasi-fission (q.f.) process where the incoming channel does not loose its identity, i.e., P 0 =1 for qf. The ℓ max could be fixed for the vanishing of the fusion barrier of the incoming channel, or the light particle cross-section σ LP s →0 , or else defined as the critical Table 1 gives the newly fitted constants of Seeger's V LDM for the experimental binding energy B expt [3] , and the theoretical B theo values [4] where the experimental data were not available. Interestingly, only the bulk constant α(0), working as an overall scaling factor, and the asymmetry constant a a , controlling the curvature of the experimental parabola, are required to be re-adjusted. The role of these re-fitted constants is illustrated in Fig. 1 for Z=97 nuclides. We notice in Fig. 1 an excellent agreement between the present fits (crosses and down open triangles) corresponding to experimental (solid circles) [3] and theoretical data (open circles) [4] , respectively. The fits are with in 0-1. of the available B expt or B theo data. Also plotted in Fig. 1 are the results of calculations using the old 1961 Seeger's constants (hollow squares), showing the requirement and extent to which the fitting can clearly improve upon the older results.
III. CALCULATIONS AND RESULTS
Next, we consider an application of the re-adjusted V LDM with an idea to impress upon the need and to propose here atleast a partially modified variation of the pairing constant δ with temperature T, as compared to that of Davidson et al. [2] . Fig. 2 shows the fragmentation potential V(A) for the decay of 56 Ni * (a complete mass spectrum) into light particles (LPs) and intermediate mass fragments (IMFs) at T=3.60 MeV for two different ℓ values (ℓ=0 and 36 ), compared with one at T =0 for ℓ=0 . We notice that at T =0 for ℓ=0 , the pairing effects are very strong since all the even-even fragments lie at potential energy minima. On the other hand, if we include temperature effects as per prescription of Davidson et al. (dashed line in Fig. 4 ), we find that δ=0 MeV in V LDM for T>2 MeV, and hence in Fig. 2 Fig. 3 ), the situation becomes again favourable. In other words, Fig. 2 Fig. 2 . The calculated decay cross-sections σ IMF s for IMFs at T=3.60 MeV, for both δ=0 and 9.5 MeV cases are shown in Fig. 3 , compared with experimental data [28] . We notice in this figure that better comparisons are obtained for the case of δ =0 calculations, contrary to earlier results in Fig. 13 of [12] for δ=0 MeV, but supporting the one in Fig. 7 [7] . These calculations lead us to modify the variation of δ as function of T, as shown in Fig. 4 (solid line throgh solid dots). Apparently, many more calculations are needed for Fig. 4 to represent a true δ(T ). 
IV. SUMMARY
In view of the large data for ground state (g.s.) binding energies having become available and to be able to include the T-dependence on binding energies, we have re-fitted two of the constants, the bulk α(0) and neutron-proton asymmetry a a , of Seeger's mass formula. The experimental g.s. binding energies or theoretical binding energies for neutron-and proton-rich nuclei, where data are not yet available, are fitted within <1.5 MeV, and up to Z=118 nuclei. The method used is the Strutinsky renormalization procedure to define the g.s. binding energy as a sum of the liquid drop energy and the shell correction. Taking shell correction from the empirical formula of Myers and Swiatecki, the two constants of Seeger's liquid drop energy are fitted to obtain the experimental or theoretical binding energy. The fitted constants of liquid drop energy have been used for understanding the dynamics of excited compound nuclear systems, which point out to the inadequacy of the variation of pairing energy constant δ with temperature T. As per the given δ(T ) variation of Davidson et al., δ=0 MeV for T>2 MeV. However, the recent compound nucleus decay calculations suggest that δ =0 for T> 2 MeV and hence clearly indicate the need for re-evaluation of the Tdependence of Seeger's constants. A new dependence of δ(T ) is suggested on the basis of already published calculations for compound nucleus decay studies. Need for further studies are clealy indicated.
TABLE I: Re-fitted bulk α(0) and asymmetry aa constants for Seeger's liquid drop energy in 1≤Z ≤118 nuclei, w.r.t. Bexpt (for nuclei upto Z=7, and Z≥8 marked with star) and B theo (only for Z≥8 and where experimental data were not available). 
